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APPEAL BRIEF 

1. Real Party in Interest 

The real party in interest is the inventor: 

Mou-Shiung Lin 
28 Ginsan 10 St. 

Hain-Chu. Taiwan. Republic of China 
The above address is an updated address (from that filed originally) for the 
Inventor. No assignment has been recorded for this patent application. 

Related Appeals and Interferences 
There are no r^ated Appeals or Interferences. 

Status of Claims 

Claims 1-3, 11-13, 15-28, 49, 50, 56-60, 62-68, and 70-83 are finally rejected. No 
daims are allowed. Claims 4-10, 14, 29-48, 51-55, 61 and 29 have been previously 
cartceiled. 



being 



Claims 49, 50, 56-60, 62-68. and 70-83 have been withdrawn from appeal, and are 
re-filed in a Continuation Application. 



status of Amer 

The above referenced Final Rejection was mailed from the US Patent and 
Trademark Office on May 18, 2001 . No amendments were subsequently made to the 
daims, and a Notice of Appeal was mailed on August 20. 2001. 
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A concurrent amendment is being filed to cancel Claims 49, 50, 56-60. 62^8, and 
70-^3, which are being re-filed in a Continuation Application. 

Summary of the Invention 

The Invention provides a method of forming a top level of metal interconnections for 
higlli performance integrated ditiuits. An integrated circuit is provided containing a 
piuiality of devices formed in and on a semiconductor substrate, witti an overlaying 
interomnecting metallization structure connected to said devices, and containing a 
piuiality of first metal lines in one or more layers. A passivation layer is deposited over the 
inteiGonnecting metallization structure. An insulating, separating layer of polymer is 
der osited over the passivation layer that is substantially thicker than the passivation layer. 
Openings are formed through the polymer insulating, separating layer and the passivation 
layi»r to expose upper metal portions of the overlaying interconnecting metallization 
stnicture. Metal is formed in said openings and to form a top metallization system 
connected to the overlaying interconnecting metallization structure, wherein the top 
me|tatlization system contains a plurality of top metal lines, in one or more layers, each of 
thel top metal lines having a width substantially greater than the first metal lines. 



Received from < 8458894699 > at 11/23101 9:28:00 PM [Eastern Standard Time] 



'11/23/2001 • 21:04 8458894699 ACKERMAN PAGE 06 

MSl|lN98-002CC Application no. 09/2SI,183 

CLAIM 1 IS READ ON THE SPECIFICATION AND DRAWINGS AS FOLLOWS: 



1. 



A method for forming a top metallization system for high performance integrated 



circuits, comprising: 

forming an integrated circuit containing a plurality of devices (2) formed in and on a 
seniconductor substrate (1), with an overlaying interconnecting metallization structure (3) 
connected to said devices and containing a plurality of first metal lines in one or more 
layors; (Fig. 1; Page 9. lines 9-15) 

de^>ositing a passivation layer (4) over said interconnecting metallization structure; (Fig. 1; 
Pa'ie 9, 20 to Page 10, line 2) 

deix>siting an insulating, separating layer of polymer (5) over said passivation layer (4) 
that is sut>8tantjally thicker than said passivation layer; (Fig. 1; Page 10, lines 3-4) 

forning openings through said polymer insulating, separating layer (5) and said 
paiisivation layer (4) to expose upper metal portions (6) of said overlaying interconnecting 
metallization staicture; (Fig. 1; Page 10, lines 4-8) 

dqsositing metal contacts (7) in said openings; and (Fig. 1; Page 10, lines 9-10) 
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Ibmiing said top metallization system (10. 11 , 12. 13. 14) connected to said overlaying 
Interconnecting metallization structure, wherein said top metallization system contains a 
pluiality of top metal Knes (10, 11.12, 13), in one or more layers, each of said top metal 
lines having a width sutistantially greater than said ftrst metal lines. (Fig. 1 and 2; Page 
lines 13-22, Page 11. lines 1-6, Page 14, last line to Page 15. line 19) 



10, 



6. 



8. 



Issues 



Whether or not claims 1 -3. 1 1 -1 3, and 1 5<28 are patentable under 35 U.S.C. § 
10i(a), over Bandyopadhyay et al. in combination with Yamada 778, Yamada '020, Wolf 
and Cronin. 

Grouping of Claims 

The rejected daims stand or fall together, FAX COPY RECEIVED 

NOV 2 3 2001 

TECHNOLOGY CENTER 2800 



Argument 



Reverssd of the rejection of Claims 1-3, 11-13, and 16-28 as being unpatentable 
unjjer 35 U.S.C. § 103(a), over Bandyopadhyay et al. in combination with Yamada *778, 
Yamada '020, Wolf and Cronin, is respectfully requested, in view of the following 
ar^iuments. 
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One of the great challenges in the semiconductor industry in recent years has been 
to r^uce RC (resistance capacitance) delay in signal lines and IR drop (reduction in 
voltage due to high fesistance) in voftage planes in the complex, multi-level metallization 
systems now in use. The industry has expended much effort and vast resources and is 
nmf beginning to replace the typical metal used, aluminum, with copper, which has a 
low Br resistivity than aluminum. Furthermore, it is exploring the use of and implementing 
intermetal dielectric materials with a lower K value (dielectric constant) than previous 
ma erials. Such low-K dielectrics can reduce capacitance t)etween metal lines. Both of 
the$e approaches have typically been implemented in extremely clean (Class 1 or below) 
and very expensive semiconductor fabrication facilities now be\ng built and used to 
ma lufacture integrated circuit wafers - the metal and low-K dielectrics are deposited and 
patterned prior to a final, passivation layer being formed over the entire semiconductor 
wa ier surface. 

As is well known in the art, increasing either the thickness or the width, or both, of 
conductive lines reduce their resistivity. However, increasing the thickness of metal lines, 
and the thk^kness of the dielectric materials fbmried above and around the metal lines, is 
lim ted in the above referenced semiconductor fabricatbn fedlities by the types of 
equipment and processes used, such as sputtering or chemical vapor depositk>n. The 
wic th of these lines are limited by the current tight packing of lines at any particular metal 
levdi, and by the capacitance increase that occurs between metal layers (in the vertical 
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direction) if wide lines are uaed. Thus, metal lines cunrently used are 'fine lines', of 
nar now width and limited thickness. 

The above referenced passivatjon layer is typically formed of an insulating material, 
such as an oxide or nitride, that is deposited over the entire top surface of the integrated 
circuit, after the *'fine line" metallization is completed. The passivation layer serves to 
pre/ent mechanicdl and chemical damage during assembly, packaging and use, and is 
necessary to protect the underlying fine line metal, and semiconductor devtoes* from 
mo sture, mobile k>ns and scratching. 

Many of the above mentioned problems and disadvantages are resolved by ttie 
me [hod of the Invention. The invention as claimed provides a method of forming a top 
lev(»l of metal interconnections for high performance integrated circuits, in which the top 
leviH metal is formed sjBsr passivation of the underlying integrated circuit, and the top level 
metal lines are formed to a wklth sut>stantially greater than the first metal lines formed 
under the passivation. The top layer metal is separated from the underlying integrated 
circuit and its top passivation by a thk^k. polymer separating layer. The organic polymer 
sei;arating layer is inexpensive compared to the inorganic materials used for the fine line 
meialiizatkxi dielectncs, and can easily be deposited to thk:ker dimensions, to reduce 
capacitance and allow for thrcker top level metals. This organic layer of polymer Is fbnned 
abc^ve the passivation layer 4 since the polymer layer 6 oouW be a source of ton 
contamination which could affect the underlying devices. The passivatton layer 4, as is 
well known in the art, is a continuous layer overlaying the entire tower fine-line 
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meiallization system and devices, and protects the lower stmctures from iaoth ion 
contaminants and moisture. 

The Examiner has dted Bandyopadhyay (US 5.827,776) as the primary reference 
in t|ie rejection. Bandyopadhyay, either alone or in combination with the other references 
dted above, however, fells to disclose or render obvious the subject claimed Invention. 
Tht\ Examiner has asserted that Bandyopadhyay, et al. "discloses formation of passivation 
layor 22". However, Bandyopadhya/s layer 22 is ngt a passivation layer, as a passivation 
layor Is defined (and as is well knovMi) In the semiconductor industry. Please see the 
att«iched two references (referred to as Sematech, and Wolf), introduced in the office 
acton response dated April 5, 2001 . that give the industry standard definition for a 
pai;sivation layer. Sematech describes it as '[tlhe final deposition layer in processing'. 
Sei» also the Wolf description, vkrhich states that '[fjoilowing patteming of the final metal 
lay 3r. a passivation layer is deposited over the entire top surfece of the wafers. This is an 
ins jiating, protective layer that prevents mechanical and chemical damage during 
assembly and packaging'. 

In Bandyopadhyay, et al., layer 22 is not a final layer deposited after all metal 
tayiers have been formed. It is merely a first (Intermetal) dielectnc, as defined at col. 5, 
linos 66-67. Further metal lines, such as metal lines 14 in Fig. 13. are deposited sQer 
layer 22. As seen In the Wotf description referred to above, a passivation layer Is 
nei»ssary to protect the underiying fine line metal, and semiconductor devk»s, firom 
mc jsture, mobile kms and scratching (such moisture, mobile k>ns and scratching would 
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coTimonly cxxur from "above* layer 14, i.e., from layers and/or manufticturing processes 
foaned subsquently. or from external sources. A semiconductor sut)strate typically 
performs such a protecUve role from "t>elow* the layers shown in the drawings). If 
Bai Klyopadhyay's layer 22 was a passivation layer, it would n^ be able to protect layer 14 
from moisture and the thin metal lines 14 could, for example, subsequently be consumed 
by oont)8ion due to moisture. The actual passivation layer in the Bandyopadhyay 
sta»cture would have to be deposited above layer 14, perhaps above other additional fine- 
line metal layers had been fomied. 

The claimed invention describes the use of a passivation layer (layer 4 in Fig. 1) 
which is necessary to protect underlying fine-line metallization 3 as well as devices formed 
on the substrate 1. The method of the invention, as claimed, then continues with 
de()osition of polymer insulating, separating layer 5, and thick, wide line metallization 
10/1 1/12/13 (see Fig. 2), as well as pofymer Intermetal dielectric 14/16. This top metal 
system further differentiates the claimed invention from that descrit>ed in Bandyopadhyay, 
or lhe comtMnation of Bandyopadhyay et al. with Yamada 778, Yamada '020, Wolf arKi 
Cronin. as the top metal system of the invention does ngt require further passivation - the 
thi(^, wide metal is sufficiently robust that moisture protection is not required. 

In the offioe action dated May 1 8, 2001 , the Examiner cites Yu et al (US Patent 
6.130,457) as employing the term "passivation layer" 62 as a layer analogous to layer 22 
of bandyopadhyay. However the use of "passivation layer^ in Yu is believed to be an 
incorrect or. at best, non-standard use of the term. Layer 62 is more properly 
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Characterized as an Intertevel dielectric. An incorrect use of an industry-standard term in a 
single patent reference (in wtiich the drafter is pennitted to be his own lexicographer) 
should cany little persuasive weight as compared to the definition found in a technical 
dictionary created by an industry-wide consortium (see Sematech) or that found in a 
widely recognized and cited textbook (see Wolf). 

Yamada 778 is cited as disclosing top metal lines 89 which are wider than first 
me^l lines 83, and that an oxide insulating, separating layer 15 is formed. However, 
YaiTiada '778, either alone or in combination with the other references cited above, fails to 
dispose or render obvious the subject daimed invention. There is no suggestion or 
motivation in Yamada '778 of forming two metallization systems, separated by a 
paitsivation layer and a polymer insulating, separating layer, as claimed In the instant 
invention. Yamada '778 merely shows 2 metal layers In which there Is a slight difference 
in thickness and width of the layers. Further, the oxide insulating, separating te^yer 15 of 
Yamada '778 is disclosed to be silicon fluoride oxkle (at col. 7, line 62), whk:h is an 
inqrganic material, not the polymer separating layer of me invention. 

Yamada '020 is cited as teaching an oxide passivation layer over which a nitride is 
deix>sited. While it is acknowledged that a passivation layer may be so formed, neither 
Y#nada '020 atone or in combination with the other references dted above, disdoses or 
reijider obvkxjs the subject daimed invention, for the reasons stated above. 



in 
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Wotf is dted as disclosing the use of polyimide as an intermetal dielectric (IMD). 
anc for teaching spin-on glass as an insulaOng, separating layer. However. Wolf at pages 
215-217 teaches some of the disadvantages that have caused the semiconductor industry 
to rot use polyimide as an IMD hAfo examples are water absorption by the polyimide. 
anc subsequent corrosion of underlying metal lines. Thus Wolf actually teaches away 
frtKn the use of polyimide as an IMD in a fine-line metallizBtion systerri. The invention, 
ho^hfever, does not teach the use of polyimide as an IMD in the fine-line interconnecting 
metallization system, but rather as an insulating, separating layer between the fine-line 
metal (protected by a passivation layer) and the thick, wide line, top metal system above, 
T\Yi use of the passivation layer of the Invention prevents moisture and ionic 
contamination from affeciing the fine-line metal and devices; while the thick, wide metal 
sys tem above the polymer insulating, separating layer is robust enough that moisture 
do«^ not have a negative effiect on reliability. Thus neither Wolf alone or in combination 
wit 1 the other references cited above, discloses or render obvious the subject claimed 
lnv^tk)n. 

Cronin is cited as teaching metal contacts by damascene metal filling. While it is 
adlcnowledged that damascene metal filling is well known in the art, neither Cronin ak>ne 
nor in combination with the other references cited above, discloses or render obvious the 
sul>tect claimed invention, for the reasons stated above. 
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In summary, Bandyopadhyay et al. in combination with Yamada 778. Yamada 
•02b. Wolf and Cronin, fell to disclose or suggest the method of the invention as claimed, 
and so reversal of the rejection of Claims 1-3. 11-13. and 15-28 is respectfully requested. 



CO NCLUSION 



Applicant requests that the Board of Appeals reverse the holding of the Examiner in 
finally rejecting the Claims 1-3, 11-13. and 15-28 in the application. Allowance of the 
da ms is requested. 



Respectfully submitted, 



Ste phen B. Ackerman, Reg. No, 37,761 



I? 
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APPENDIX A 



COPY OF THE CLAIMS 



1. A method fix forming a top metallization system for high perfbmiance integrated 
cirquits. comprising: 

footing an integrated circuit containing a plurality of devices formed in and on a 
serhiconductor substrate, with an overlaying interconnecting metallization structure 
cohnected to said devices and containing a plurality of first metal lines in one or more 
layers; 

dejositing a passrvatiw layer over said interconnecting metallization structure; 

d^^iting an insulating, separating layer of polymer over said passivation layer that is 
^t^tantiatly thicker than said passivation layer; 

forfning openings through said polymer insulating, separating layer and said passivation 
lay^r to expose upper metal portions of said overlaying interconnecting metallization 
stnicture; 

dei )Ositing metal contacts in said openings; and 



n 
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forming said top metallization system connected to said overlaying Interconnecting 
metallization structure, wherein said top metallization system contains a plurality of lop 
meltal lines, in one or more layers, each of said top metal lines having a width substantially 
greater than said first metal lines. 

" Tie method of claim 1 wherein said top metallization system connects portions of said 
Intoroonnecting metallization structure to other portions of said interconnecting 
meltallization structure. 

3. The method of daim 1 wherein said top metallization system contains lines that are 
selected from the group consisting of signal lines, power buses, gn^und buses or a 
combination thereof. 

CUiims 4-10 have been cancelled. 



The method of daim 1 wherein said passivation layer contains Plasma Enhanced CVD 



(PI-CVD) oxide. 



12 



The method of daim 1 wherein said passivation layer contains Plasma Enhanced CVD 



(PIECVD) nitride- 
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13. The method of dalm 1 wherein said passivation layer contains a layer with a thickness 
wi4»n a range of approximately 0.15 to 2.0 um of Plasma Enhanced CVO (PECVD) oxide 
over which a layer with a thickness within a range of approximately 0.5 to 2.0 um PECVD 
nitride is deposited. 

Claim 14 has t>een cancelled. 



15 



pol/imide. 



16, 



17 



18 



The method of daim 1 wherein said insulating, separating layer of polymer comprises 



The method of daim 1 wherein said insulating, separating layer of polymer contains 



polymer benzocyclobutene (BCB). 



The method of daim 1 wherein said polymer insulating, separating layer is of a 



thi(4(ness after curing within a range of approximately 1 .0 to 30 um. 



The method of claim 1 wherein said polymer insulating, separating layer is spin-on 



ooiited and cured. 



19 



The method of daim 1 wherein said insulating, separating layer.of polymer is cured at 
a tbmperature within a range of approximately 250 to 450 degrees 0. for a time within a 
range of approximately 0.5 to 1 .5 hours, said curing to occur within a vacuum or nitrogen 
ambient. 



IS 
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20. The method of claim 16 wherein said polymer insulating, separating layer is subjected 
to ijiultipte processing steps of spin on coating and curing. 

21. The method of claim 20 wherein each of said multiple processing steps of spin on 
cos ting and curing is perlbrmed at a temperature within a range of approximately 250 to 
45(> degrees C. for a time within a range of approwmately 0.5 to 1 .5 hours^ said curing to 
occur within a vacuum or nitrogen ambient. 

22. The method of claim 1 wherein said openings have an aspect ratio witNn a range of 
approximately 1 to 10. 

23J The method of daim 1 wherein said metal contacts are selected from a group 
containing sputtered aluminum, CVD tungsten. CVD copper, electroplated copper and 
electroless nickel. 



24 



The method of Claim 1 wherein said metal contacts comprise damascene metal filling. 



2Si The method of claim 1 wherein said top metallization system contains contact pads on 
a tbp metal layer whereby said contact pad can contain tungsten, chromium, copper 
(elactroplated or electroless), aluminum or polysilicon. 



Its 
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package 

n 



package warpage 

n 



packed valve 

n 



a container for a die (often plastic or ceramic) that 
provides protection and connection to the next higher 
level of integration. (SEMATECH] 



the loss of planarity of a pfa&tic molded surface, 
excluding protrusions and intrusions. In 
semiconductor packages, warpage is measured by 
the warp factor. [SEMI G54-931 



a shutoff or metering type of valve designed to prevent 
the gas it controls from escaping to the atmosphere. 
The escape of gas is prevented by means of a stem 
that rotates or moves within its seal material during 
actuation. The dynamic seal interface separates the 
medium from the atmosphere. ISEMI international 
Standards 1990, Vol. 1, Glossary] 



packet a physical division of a message used by the 
n message-transfer protocol, NOTE-Each packet 

contains data and control information. [SEMI E5-92] 
Also see message protocoL 



packless valve a shutoff or metering valve designed to prevent 
n escape of the gas by a static seat, such as a 

diaphragm or bellows, that isolates the controlled gas 
from the atmosphere, [SEMI International Standards 
1990, Vol. 1, Glossary] 



pad see bonding pads. 



pad-array carHor see ball grid array. 
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pftMlvatlon 

n 



passive data 
collactlon (PDC) 



passive devices 

n 



passive equipment 



passive transfer 

n 



passive transfer 
partner 

n 



pattern 
deformation 

n 



pattern dimension 
precisk)n and 
accuracy 

n 



PAGE 20 

Page 4 of 10 



deposition of a scratch-resistant material, such as 
silicon nitride and/or silicon dioxide, to prevent 
deterioration of electronic properties caused by water, 
ions, and other external contaminants. The final 
deposition layer in processing. tSEMATECH) Also 
called overcoat and cap deposition. 



an activity in which the performance of a process or 
piece of equipment is sampled while it is running in 
normal production mode. This activity is used to 
evaluate normal production mode. This activity is used 
to emulate normal production without making twealts 
or adjustments to the process beyond those nonmally 
made during production. [SEMATECH] 



semiconductor devices that have passive function, 
such as capacitors and resistors. [SEMATECH] 
Contrast active devices. 



equipment that is loaded or unloaded by the active 
equipment. {SEMI E23*91] Contrast active equipment. 



in automated material movement, a transfer that 
involves one active and one passive partner. During a 
passive transfer, the active partner retains control of 
the transfer envelope during the entire physical 
transfer. [SEMI E32-94] 



in automated maten'al movement, a transfer partner 
that takes no part in the physical micro level transfer, 
moving nothing within the transfer envelope. NOTE- 
This term refers to the physical micro level transfer 
phase only. Setup activities prior to the transfer may 
t>e performed by a passive transfer partner; for 
example, a port door may be opened during setup 
phase. [Adapted from SEMI E32-94] Contrast with 
active trensfer partner. 



in dietectricBlty isolated (Dt) wafers, a microscopic 
defect associated with missing or indented tub 
features of 4 microns or more. [SEMI M22-92] 



critical dimension (CD) variation and deviation of 
written pattern from designed value. [SEMI P21-92] 



htt.n!//www.sematech.orc/nublic/oublications/dict/p_to_ph,htm 
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- PECVD TEOS film, deposited at 330*0. (Figure 4.54c shows that the 
resulting hillock size and density are boih small.)^''^ 

- ECR deposilion (sec section 4.4.10). 

- Pboto-CVD Si02.^^^ 

- Afierglow-CVD of Si02.^'* 

- Anodized Al deposition. ^^"^ 

(incc such dielcctnc films are in place, they suppress hillock growth during later 
tienmal cycling. 

Use of refractory metal films such as W or Mo (which exhibit much less 
propensity to form hillocks at 400''-S0QX) in place ofAL 

Use of an ionized cluster beam deposition process to deposit smooth 
AtfCaF2fSifilms. According to the, report on this process, the films remained 
1 illock free up to temperatures of SOO^C.^^^ 



4.7,4,2 

following i 
caus^ 
that 



8 



impiQve 
because 
crack, 
Tie 



means 



tob* 
to 



Dielectric Void Reliability Problems, if the voicls are opened 
_ an etchback step, they can tirap moisture or photoresist residues that can 
long term reliability problems. In addition, metal may be deposited into the voids 
can be very difficult to remove by etching, thus producing shorting between 
neig])boring metal lines. 



PASSIVATION LAYERS 



Foll<>wing patterning of the final nKMal layer, a passivation layer is deposited Over the 
entire top surface of the wafers. This is an insulating^ protective layer that prevents 
mcclianical and chemical damage during assembly and packaging. The desired properties 
of the passivation materials are given in Table 4-5. In general, the thicker the 
passivation layer the better, since a thicker layer will provide better protection and 
the electromigraiion resistance of underlying Al lines. On the other hand, 
thicker CVD films (especially silicon niuide films) have a higher tendency to 
there is normally an upper limit to the thickness. 

final mask, called the pad mask or bonding contact mask, is used to define 
patfcdfus corresponding to the regions in which electrical contact 10 the finished circuit 
jbe made. These pauems in a resist layer allow openings in the passivation layer to 
cd down to Al areas on the circuit called bonding pads (see chap. 5, Fig. 5-16)^ 
Eithbr wet or dry etching can be used to etch the passivation layer. Since the 
dimensions of the pads are so large (Le., normally 100 x 100 /im), wet etching is still 
frequently used to etch PSG films, while silicon nitride films are more easily etched by 
of a dry etching process. 

Pjiosphonis-doped. low^temperature CVD Si02 films were the first passivation layers 
used. The phosphorus is added lo the Si02 to reduce the stresses in the film (and 
iHereby decrease the tendency of the film to crack), as well as to improve the gettering 
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274 SIUCON PROCESSING FOR THE VLSI ERA - VOLUME II 

properties of the film (with respect to sodium ions and other fast-diffusing metallic 
contaminants). The higher the phosphorus concentration, the better these chamctfiristics 

will be. , * 

On the other hand, if more than 6 wl% phosphorus is added to the CIm, corrosion can 
become a serious problem, especially in the case of chips mounted in plastic, 
nonhcrmetic packages* Water vapor can rapidly penetrate the plastic packaging material, 
transporting with it contaminants from the surface of the package. If the PSG contains 
excess phosphorus, the moisture can react with it to form phosphoric acid (HPOs)* 
which will eventually penetrate the film. As noted earlier, electrochemical corrosion of 
the Al lines can lead to metallization failure. While the transport of contaminated moi- 
sture through the PSG is a relatively slow process, if cracks or defects (e.g., pinholes) 
exist in the film, the water vapor will be able to penetrate it much more rapidly. 

Silicon nitride has also been used as a passivation-layer material because it provides 
an impermeable baixier to moisture and mobile impurities (e.g., sodium) and also forms 
a tough coal that protects the chips against scratching. Its high dielectric constant is not 
a disadvantage for this application, since the passivation layer is deposited on top of the 
last metal layer. 

However, because the passivation layer must be deposited over AI films, only 
PECVD silicon nitride can be used for this application (since it is deposited at -3()0*C). 
Unfortunately, PECVD nitride films normally exhibit a high mechanical stress (-6-8 x 
1^ Pa), which can cause cracks in the film during heating after deposition (especially at 
steps). The high compressive swesses in the films have also been shown to enhance 
void formation in Al interconnects (sec section 4.7). 

In addition, PECVD silicon nitride tends to be nonstoichiometric and contains 
substantial quantities of atomic hydrogen (10-30 al%). Large quantities of hydrogen 
have been found to accelerate hot-electron aging effects in MOS devices (see section 
5.6.6). It has also been reported that the hydrogen from PECVD nitride is responsible 
for the formation of bubbles or cavities at the metal-plasma nitride interface when Al:Si 
alloys are used as the metallization. These appear after the 450^C anneal that is carried 
out following nitride deposition. It is supposed that the hydrogen reacts with the Si 
precipitates in the Al film to form gaseous compounds that produce the 
bubbles. 1^^'^^'' It has been recommended that a low-hydrogcn -content passivation film 
be used, if nitride passivation is selected for MOS technologies with gate lengths of less 
than 1.5 /im (in which hot-elecuon degradation is significant). 

Work has been done to develop processes for growing niu-ide films with low 
hydrogen concentration and stress, and more is now understood about the relationship of 
the film properties to such deposition conditions as rf frequency, power, and bias.^®* 
Lower concentrations in the niuidc have been obtained when the film is formed with 
S«H4-N2 mixtures rather than with conventional SiH4-NH3 mixturcs.^^^ Fluorinated 
nitride (F-SiN) films have been developed that exhibit only 0^6% of hydrogen (in the 
formof$i-H),li>0*l^l 

The use of PECVD si licon-oxy niu-ide films (deposited with SiH4, NH3, N2t and 
N2O mixtures) as alternative passivation materials has also been investigated, since they 
exhibit nearly the same the moisture and sodium barrier characteristics of nitrides. 
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Using SOO film as & part of lh« passivation overcoat improves EPROM 
256 Reprinted with permission of Semiconductor IntenriaiionaK 
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passivaKon proems qfur second oxy nitride and 
CVO oxide depositions. 



not quite as good as those of nitrides, the characteristics arc belter than those of 
However, their stress is between that of AJPCVD oxide (tensile) and plasma 
and oxide (compressive).^ In addition, because the stress is a function of 
rf power, pressure, and bias, it is possible (o optimize die stress by using bias, 
a very low-stress dielectric oxynitride film can be fonned that will still maintain 
dj ffusion-baTTier propenics. (It is important to characterize the stress over the 
temperature range of operation to which the dielecu-ic film will be subjected, since 
can exhibit hysteresis effects. These may be due to structural changes in the 
diie lo loss of material during heating.) Finally, it i$ reported that PECVD 
oxynitride films can be formed thai contain considerably less H2 (~one-half. in one 
report) lhan do PECVD nitrides 

Another, more recently adopted approach lo the formation of passivation layers 
multilayer passivation coating. An initial coating of PECVD oxide is 
I, followed by a PECVD nitride. The oxide layer reduces the mechanical stress 
and the hydrogen content of the passivation layer, while the nitride protects the 
igainst handling, humidity, and mobile ions. This inorganic bilayer may be 
by a polyiraide layer that is several microns thick (especially useful in 
bump-bonding processes) and a thick layer of silicone gel. or similar 
for cushioning and for void elimination during die bonding, 
second variation of this technique applied to EPROMs, a sandwich oxyniride- 
SOG-oxynitridc layer is first formed. This film is then covered with a low 
nis- content CVD-oxide layer to complete the composite passivatioii film (Fig, 
Sandwiching the SOG film between the two oxynitride layers reduces the 
of voids and seams in the passivation layer. These voids and seams caused 
passivation film coverage, which in turtt correlated with increased EPROM 
failures after steam stressing.^^ 
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Table 4.5 Desired Properties of a Passivattcn^Layer Material 

1. Provides good scratch protection to underlying circuit fttructurea. In general, the 
ihicker the passivation Uytt ihe better, subject to cracking and patteming restrictions. 

2. Impermeable to inotsture. as moisture is one of the main catalysb for corrosion. 

3. EjOiibitfi low stress, preferably compressive (-5x10^ dyncs/cm^)* 

4. Conformal step coverage. 

5. High thickness uniformity, 

6. Impermeable Id sodium atoms and other highly mobile impurities. 

7. Easily patterned. 

8 . Good adhesion to conductors, as well as to the interlevel dielectric beneath the last level 
of metal. 



4.9 SURVEY OF MULTILEVEL METAL SYSTEMS 

As noted earlier, with NMOS IC technology it was possible to exploit the polysilicon 
layer as an extra level of interconnect, while in bipolar technology it was necessary to 
develop a two-levcl-meial system in order to obtain comparable flexibHity of 
interconnect roulinj?. As a result, the problems of two-ievcl-metal systems (primarily^ 
the implementation of low-tempcraturc planarization techniques) first had to be tackled 
by bipolar IC manufacturers. Wh-n CMOS replaced NMCS as the dominant MOS 
VLSI technology^ CMOS ICs aV.'o required a two-level- metal system, since the 
polysilicon could not perform the fnt^ction of a local interconnect level as effectively as 
it had in NMOS (sec chaps. 2 and C). However, the polysilicon gate structures and the 
nonrecessed LOCOS field-oxide icps in CMOS created an even more difficult 
topography for two-lcvd-meial CMOS systems than for bipolar systems, 

4,9.1 Bipolar Double-L .veUMetal Systems 

The first example we present is tha; of a structure described in 1984 by Ghate et al. of 
Texas InstrumenisJ^^ The MeiaM pilch is 4 /xm, and the Metal-2 pitch is 6 /im. 
Metal 1 is a 57S-nm-ihick bUayer film of Ti:W covered with Al:Cu. and the contact lo 
silicon is made by self-aligned FtSi formed in the contact holes. Metal 2 Is also a 
bilaycr film of Ti:W and Al:Cu, 775 nm thick. The intermcuil -dielectric layer is a 600- 
nm-thick PECVD o^ide layer in which l.I-/xm vias are opened to allow contact 
between Metal 2 and Metal 1. No planarizadon of the intermetal dielectric was reported 
for this DLM process. 

A second example, detailed by Bergeron et al. of IBM, uses a bilayer PECVD silicon- 
nitridc^olyimide film as the intentietal dielectric. Smoothing of the underlying metal 
topography is achieved through use of the polyimide.^^^ The Metal-1 pilch is 5 //m 
and the Metal-2 pitch is 7.0 /im. Metal 1 and Metal 2 are both Al:4%Cu films defined 
by lift-off, and Metal 2 is 2 pn thick. The bilaycr iniermetal-dielectric film is etched by 
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